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ABSTRACT
A simple technique using proprietary solvents to solubilize and powderize Linear Low Density Polyethylene (LLDPE) 
used in packaging potable water in Nigeria was developed. The increased surface area created, promoted better 
exposure of  the LLDPE to soil microbes. Using the culture enrichment techniques, eight microbial colonies were 
found capable of  utilizing LLDPE as their sole carbon source. The most prolific organism, producing red pigment, 
was isolated and identified as Serratia marcescens marcescens. This organism was characterized as gram negative rod, 
reactivity with β-gal, β-glu, and urease was positive while indole production and H2S was negative. Fermentation test 
was positive for glucose, sucrose, glycerol, fructose, sorbitol alanine and citrate.  The conditions for the pigmentation 
could not be ascertained. However, the pigment absorbed radiation within UV region and formed a precipitate 
with ferric chloride. The SEM micrographs of  the plastic film surfaces after exposure to S. marcescens revealed some 
indentations that were attributed to the degrading ability of  the organisms. Micrographs of  films in medium without S. 
marcescens (control) presented smooth surfaces. The Tg of  degraded and undegraded plastics determined by Differential 
Scanning Calorimetry (DSC) were 52.43oC and 63.33oC respectively, suggesting a higher degree of  motility of  the 
shorter chain length produced after degradation. DSC measurement further showed ∆H as 89.936 J/g before and 
31.945 J/g after microbial degradation. A decrease was also observed in the crystallization temperature (118.980 to 
112.25 °C) and the enthalpy of  crystallization (-83.241 J/g to -34.776 J/g). The result of  the DSC thermograph was 
an indication of  reduced crystallinity associated with degradation processes.
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Introduction
Researches on the reduction of  environmental 
pollution emanating from the use of  plastics as 
packaging materials have been on for many years. 
The difficulty of  biodegradation of  polyethylene 
material has been attributed to its hydrophobicity, 
high water repellency, high molecular weight and 
lack of  functional groups that are prone to hydrolytic 
cleavage by the microbial enzymes (Chiellini et al., 
2003). Total global plastic production dramatically 
increased from 1.5 million tons in 1950 to 245 
million tons in 2008 with an annual growth rate 
of  9% (Dacko et al., 2008). Many urban cities in 
Nigeria are grappling with an annual flooding 
problem occasioned by blocked drains and a myriad 
of  other causes; such as the clogging effect in the 
soil thereby decreasing the richness of  the soil for 
cultivation and constituting a significant burden 
on the ecosystem and management. The blocked 
drains have been attributed to plastic wastes, 
particularly plastic films used in the packaging of  
potable water. 
There have been several efforts aimed at tackling 
the plastic waste problem. One such attempt by 
1 Biotechnology and Genetic Engineering Advanced Laboratory 
(BAL), Sheda Science and Technology Complex (SHESTCO), 
P.M.B. 186, Garki, Abuja.
2 Centre for Energy Research and Development (CERD),
 Obafemi Awolowo University, Ile-Ife.
3 Department of  Food Science and Technology, Federal 
University of  Technology, P.M.B. 1526, Owerri.
* corresponding author: abimuzomah@yahoo.com 
64        Nigerian Food Journal  Vol. 31 No. 2, 2013 ...  Full Length Article
the Lagos State Government in Nigeria was the 
recycling of  the sachet, whereby the waste sachets 
are melted and shaped into pellets which are 
subsequently used for the manufacture of  plastics in 
non-food applications. This, in a sense, solved one 
problem, but created another, which is the disposal 
of  the plastics for the non-food applications. The 
contributions of  plastics to the litter problem are 
widely acknowledged worldwide to be no more 
than 20% (Phukon  et al., 2012).
Research findings on how to make polythene 
materials much more readily biodegradable have 
been reported by several workers (Eubeler et al., 
2010; Nowak et al., 2011b; Siotto et al., 2012). 
Chiellini et al. (2003) evaluated the biodegradation of  
low-density polyethene containing total degradable 
plastic additives pro-oxidants in the presence of  
microorganism associated with mature compost. 
They reported the assimilation of  synthetic 
polyolefin by the soil microorganism at a substantial 
level however with long incubation period. Nowak 
et al. (2011a) reported on the biodegradation of  
modified and unmodified polyethylene films exposed 
to different soils under laboratory conditions. They 
were able to isolate bacteria belonging to the genus, 
Bacillus, and the fungi, Gliocladium viride, Aspergillus 
awamori and Mortierella subtilissima, as organisms 
capable of  degrading polyethene and polyethene 
modified with “Bionolle”. In our previous study, 
the analysis of  the plastics used in water and food 
packaging applications in Nigeria were found to be 
predominantly polyethylene (Odusanya et al., 2006). 
In the case of  the water plastics, the materials were 
found to be entirely linear low density polyethylene 
(LLDPE) (Odusanya et al., 2006). 
The aim of  this study was to develop a suitable 
technique for screening the microorganism(s) 
capable of  degrading LLDPE and investigate their 
degradation characteristics with the ultimate goal 
of  developing a biodegradable plastic material 
suitable for water and food packaging. 
Materials and Methods
Solubilization of the polyethylene/plastic 
material
The linear low density polyethylene (LLDPE) 
used for packaging water were randomly selected 
and washed thoroughly in deionized water. As 
shown in Figures 1A – D, LLDPE materials were 
dissolved using proprietary solvents at elevated 
temperatures. The solvents were chosen due to 
their slight reactivity with the waste plastics. The 
solvent was gradually heated to 140oC after which 
LLDPE was added with constant stirring, until the 
solvent became saturated with waste plastics (Figure 
1B). The temperature was gradually increased to 
accelerate the rate of  reaction.  Temperature was 
maintained at 140oC till all the LLDPE plastics went 
into solution. Slurry resulted when the solution was 
rapidly cooled to room temperature by immersing 
the beaker into an ice bath (Figure 1C). The solvent 
was then filter-separated from the slurry employing 
muslin cloth (Figure 1D). The plastic particles 
were dried and the solvents recycled for future 
use (Reichmanis, 1989; Odusanya et al., 2006). The 
plastic particles obtained were washed with excess 
70% ethanol to remove traces of  the proprietary 
solvent used in solublization process. The dried 
powder was allowed to equilibrate at ambient 
temperatures to allow traces of  ethanol to vaporize. 
The polyethylene powder (PEP) so obtained was 
kept for further analysis.
Soil enrichment technique/isolation of 
microbial cultures
One gram of  the PEP was added to 100 ml of  
minimal media augmented with 0.25 g yeast extract 
and 0.1 g of  corn steep liquor. The constitution 
of  the media is as follows: 0.5 % (NH4)2HPO4, 
0.1 % malt extract, 0.001 % CaCl2, 0.01 % NaCl, 
0.001 % FeCl3, the mixture was autoclaved in 
a 250 ml conical flask at 121oC for 20 min. This 
was regarded as the polyethylene media (PEPM). 
To isolate and identify the microbes inhabiting the 
soil, 1 g of  the soil sample was suspended in 5 ml 
of  distilled water. The suspension was thoroughly 
mixed, allowed to settle and 1 ml of  the clear liquid 
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was used to inoculate the PEPM. The mixture was 
incubated at ambient temperature 28 ± 2oC with 
continual shaking on an orbital shaker at 120 rpm 
for 56 days.
Isolation of pure cultures/inoculation of plastic 
media
After eight weeks of  incubation, 10o – 1010 serial 
dilutions of  the resultant media were prepared and 
inoculated (1 ml/plate, by spread plate technique) 
into duplicate plates of  Nutrient agar and Potato 
dextrose agar. Single colonies were further purified 
by streaking on fresh agar plates. The resultant 
single colonies were used to inoculate fresh 
PEPM. The pigment from the colonies obtained 
was separated by suspending the red colonies in 
chloroform:methanol (2:1) mixture. The debris was 
filtered from the suspension and the volatile solvent 
evaporated. The water-insoluble pigment was 
subjected to ferric chloride test and UV absorption 
at 280 nm, the FTIR as well as acid-base chemistry 
(Reichmanis, 1989; Shonaike et al., 2000).
Biochemical tests
Phenol red fermentation tests were conducted 
on isolates obtained from PEPM above, using 
PEP as sole carbon source. Organisms capable of  
digesting PEP were determined by change in pH 
of  the media, increased turbidity as well as foam 
generation. Organisms isolated were classified as 
polyethylene degrading organisms. Identification 
of  these organisms was done via DSMZ-Germany 
(German Collection of  Microorganism and Cell 
Cultures).
Tests on degraded PEP
After 56 days of  incubation of  the mixture 
above, the PEP was separated from the culture by 
filtration, thoroughly rinsed in tap water, following 
immersion in distilled water until it was clear. This 
was dried in a vacuum oven set at 50oC for 48 h. 
The dried samples were allowed to equilibrate to 
ambient temperature and humidity for at least 24 h 
before subsequent measurements. Biodegradation 
was monitored by measuring the weight loss of  the 
sample using a Perkin Elmer AD-4 Auto balance. 
The PEP before and after the exposure to the 
microorganisms was further examined using the 
Differential Scanning Calorimetry as well as the 
Scanning Electron Microscope. 
Spot tests on LLDPE films to show indentation 
of plastics
The LLDPE film used in packaging water was cut 
into rectangular strips, washed in absolute ethanol, 
and with the aid of  sterile forceps, carefully placed 
on the agar plate such that the strips fit perfectly 
into Petri dishes. Using the sterile loop, each isolated 
organism was placed on the film which acted as a 
barrier between the organism and the agar medium 
beneath the film. Organisms with the capability 
to degrade polyethylene film were expected to 
Figs. 1A – D: Plastic waste (LLDPE) powderization process
A - plastic waste (LLDPE); B-dissolution of  plastic in solvent system; C - dissolved free-flowing mass; 
D - powderized plastic
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cause indentation on the plastic film, to reach the 
nutrients beneath, taking advantage of  the partial 
permeability of  the plastic films. The scanning 
electron microscopy (SEM) of  the LLDPE surface 
was taken with and without exposure to micro-
organism. Any indication of  indentation was 
regarded as possible degradation of  the material by 
the particular microorganism.
Thermal analysis
The thermal properties of  the degraded and 
undegraded (control) PEP were determined using 
a Differential Scanning Calorimeter (Perkin-Elmer 
DSC-7) under a nitrogen atmosphere. For glass 
transition temperature (Tg) measurement, about 5 
mg of  each sample was placed in a DSC pan and 
maintained at 150oC for 10 min. This was done to 
melt the imperfections within the plastic (Odusanya 
et al., 2000; Shonaike et al., 2000). The sample was 
immediately quenched by liquid nitrogen and 
reheated at 10oC /min from 10 – 150oC for the glass 
transition isotherm. For isothermal crystallization 
study, the sample was first heated to 150oC and 
maintained at this temperature for 10 min, then 
cooled to a predetermined crystallization onset 
temperature of  115oC, held at this temperature for 
10 min, then cooled to 0oC. This was followed by 
heating at the rate of  10oC /min to 150oC. The melt 
temperature obtained during the second scanning 
was taken as the de facto melt temperature.
The scanning electron microscope (SEM) (Model, 
Leica Cambridge S-360) was used for the 
examination of  the LLDPE surface.  The smooth 
surfaces as well as the surfaces impregnated with 
actively growing cultures were carefully cut out 
and mounted on aluminium stubs and gold sputter 
coated with a thin layer of  gold to avoid electrical 
charging during examination. 
Results and Discussion
Eight colonies were successfully isolated from the 
media containing only the PEP as the sole carbon 
source. Among the 8 organisms isolated from 
each colony, the fastest growing and most prolific 
organism appeared as a red-pigmented colony, 
almost always associated with a milky coloured 
colony (Figures 2A and B). Two organisms were 
successfully isolated from the pigmented colonies. 
It was found that the plastic was able to support the 
growth of  the two organisms. Successful attempt 
was made to separate the pigment from the colony. 
Current efforts are aimed at determining the roles 
of  the pigment in the associated biodegradation of  
waste plastics.
Figs. 2A and B: A – Isolated organisms from the plastic media; B – Pigmented organism identified as 
Serratia marcescens marcescens
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The DSMZ-Germany (German Collection of  
Microorganism and Cell Cultures) results showed 
that the two organisms were basically the same with 
99 % similarity. DSMZ identification revealed that 
the two colonies bear close resemblance to a strain 
of  Serratia marcescens marcescens. The colonies had 
the following characteristics: they were gram -ve 
rods; reactivity was β-gal+, β-glu+, urease+, indole 
production- and H2S-.  They showed pigmentation 
but the conditions for the pigmentation were not 
known, however, the pigment absorbed in UV 
region and precipitated with ferric chloride. The 
organism had a pH optimum, 6.5 and  temperature 
optima, 28 – 32oC. The fermentation tests showed 
glu+, Suc+, glycerol+, Fru+, sorbitol+ alanine+, 
citrate+ cellulose-, lac-, tween-20-, xylose- (Table 
1). Contrarily, this organism was not listed amongst 
the fungi and bacteria reported to be capable of  
degrading polyethylene, namely Aspergillus niger, 
Aspergillus flavus, Aspergillus oryzae, Chaetomium 
globusum, Penicillium funiculosum, Pullularia pullulan; 
bacteria as Pseudomonas aeruginosa, Bacillus cereus, 
Coryneformes bacterium, Bacillus sp., Mycobacterium, 
Nocardia, Corynebacterium, Candida and Pseudomonas 
and Actinomycetales as Streptomycetaceae (Pinchuk et al., 
2004; Sudhakar et al., 2008). However, Hejazi and 
Falkiner (1997) had earlier reported on the isolation 
of  S. marcescens characteristically producing a red 
pigment, prodigiosin and was found to exist in 
various ecological niches, including soil, water, air, 
plants and animals.  A detailed review of  prodigiosin 
potential of  Serratia marcescens has been given by 
Venil and Lakshmanaperumalsamy (2009).
Since this organism was the predominant species 
found associated with the plastic, it was thought that 
the pigment might be involved in the degradation 
process. To corroborate this result, Furstner (2003) 
revealed that S. marcescens can grow well in synthetic 
media using various compounds as a single source 
of  carbon. The pigment, however, was found not 
to accumulate in liquid broth, but grew prolifically 
on agar plates. Previous researches have shown 
that the production of  prodigiosin is susceptible 
to temperature, and substantially inhibited at 
temperatures >37oC, but grows very well in 
complex media that are rich in a variety of  nutrients 
(Yamashita  et al., 2001; Furstner, 2003; Giri et al., 
2004). Crucial for the production of  the prodigiosin 
are thiamine and ferric acid, on the contrary, 
phosphate, adenosine triphosphate and ribose have 
inhibitory effect on the yield of  prodigiosin (Witney 
et al., 1977; Wei and Chen, 2005). The inability of  
the pigment to accumulate in substantial amount 
in the broth but grew prolifically on the agar plates 
may probably be attributed to the differences in the 
nutrient composition of  these media.
The findings of  this study suggested situations 
where S. marcescens could be influencing the abiotic 
degradation through physical, chemical or enzymatic 
action (Erlandsson et al., 1997; Chiellini et al., 2003; 
Lucas et al., 2008).  Consequently, two hypotheses 
being considered are that (i) the pigment acts as a 
photo-concentrator, focusing elements of  the sun’s 
rays to a particular point on the polymer chain, 
causing chain scission, or (ii) the pigment promotes 
some photons to higher energy levels which may be 
responsible for chain scission and the subsequent 
degradation of  the waste plastics. The size reduced 
polymeric chains could then be ingested by the 
organism as fatty acyl chains. Further tests are 
required to determine polymer chain length after 
microbial exposure. 
The SEM photomicrographs of  the plastic film 
surfaces with and without exposure to S. marcescens 
colonies are shown in Figures 3A – D. Figure 
3A shows the micrograph of  the undegraded 
LLDPE film while Figures 3B – D represent the 
micrographs of  films exposed to S. marcescens. The 
indentations observed were attributed to the actions 
of  bacteria on the surface of  the film. Micro-
cracks could also be seen in the areas adjourning 
the indented surfaces (Figure 3B), compared to the 
smooth surfaces of  the film shown in Figures 3A. 
Figures 3C and 3D showed particles of  the bacteria 
entrapped on the indented plastic surfaces. This 
current work is to examine the effect of  time on 
the observed indentation. The result is consistent 
with the results of  weight loss analysis. It was 
68        Nigerian Food Journal  Vol. 31 No. 2, 2013 ...  Full Length Article
Figs. 3A-D: Photomicrographs of  SEM surfaces of  the spot tests showing indentation on the LLDPE 
surfaces after exposure to S. marcescens 
 A- smooth surface of  plastic film before exposure to bacteria; B-C – surfaces after exposure
found that exposure of  the plastic powders to 
microbes led to a 25% loss in the weight of  the 
original powder (data not shown). Similar reduction 
in weight was reported by Harish et al. (2005) while 
investigating the biodegradability of  chitosan-graft-
polymethylmethacrylate films. They reported a 46 
% loss in weight after 25 days of  incubation with 
microorganism isolated from humus soil.                                         
DSC measures the heat flow into a sample as it is 
being heated. This heat flow is due to two effects, 
thermodynamic effects, primarily specific heat 
capacity (Cp) and melting, and kinetically controlled 
effects such as cross-linking, crystallization, degradation 
and evaporation (Dacko et al., 2008; Eubeler et 
al., 2010; Nowak et al., 2011b; Siotto et al., 2012). 
Figures 4A and 4B compared the glass transition 
temperatures of  the plastic powders before (Figure 
4A) and after (Figure 4B) exposure to microbial 
attack. Tg is a measure of  the temperature when 
the first molecular movement occurs from a frozen 
glass when subjected to heat change. Tg could also 
be described as the softening point of  the polymer. 
From the result, the Tg of  the plastic powder is 
63.33oC which shifted to 52.43oC after microbial 
degradation. This is consistent with the expectation 
that degradation would lead to shorter chain-
length oligomers with a higher degree of  freedom 
of  motility in the presence of  heat. This effect 
should manifest in increased viscosity of  the melt. 
Figures 5A and 5B are the superposition of  the 
DSC first and second scans of  the plastic powders 
before and after microbial exposure. There were 
no dramatic differences in the melt temperatures 
of  the two samples, though the temperature was 
slightly lower in the microbe-exposed plastics 
(118.98oC before and 115.42oC after degradation). 
There were, however, remarkable changes in the 
∆H values (89.936 J/g before and 31.945 J/g after 
microbial degradation). The cooling curve gave 
an indication of  the crystallization behaviour of  
the plastic powders. It was also observed that the 
crystallization temperature (118.98 to 112.25°C) and 
enthalpy of  crystallization (-83.241 J/g to -34.776 
J/g) decreased with exposure of  the plastic powder 
B
C
D
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Figs. 3A and B: Comparative Tg (softening point) measurement for plastic powder before (3A) 
 and after exposure (3B) to S. marcescens
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Figs. 4A and 4B: Comparative DSC data of  plastic powder before 4A and after 4B exposure to microbes 
showing differences in crystallization temperature and delta H both indicative of  reduced 
crystallinity associated with degradation processes
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to microbes. The area under the crystallization 
endotherm (from which % crystallization could be 
determined) also shrunk. These were consistent with 
the expectation that degradation process would lead 
to reduced crystallinity of  the polyethylene powder 
and a concomitant decrease in the thermodynamic 
driving force favouring crystallization. The second 
scans usually yield an accurate picture of  the 
melt temperature of  polymers. As indicated, the 
same trend observed in the first scans as well as 
the cooling regime were repeated, indicative that 
the observed differences in the DSC data are not 
artifacts but reflective of  deep thermodynamic and 
material property changes in the polymers after 
microbial exposure.
Conclusion
This study has shown some epistemological and 
circumstantial evidence that the isolated Serratia 
marcescens marcescens (as well as some other organisms 
yet to be conclusively identified) is capable of  
degrading polyethylene plastic films (LLDPE) 
used in the packaging of  water. The novel plastic 
processing dissolving technique developed in this 
study, which caused an increase in the surface area 
and interaction with the environment, could be 
responsible for the observed microbial growth. 
The preliminary results presented here have led 
to many research opportunities on which further 
studies to elucidate the mechanism for the 
degradation is in progress. Also under investigation 
are the morphological studies (SEM) and thermo-
mechanical (DSC) studies on the plastics to support 
other evidences such as increased turbidity and 
UV/VIS monitoring of  pigments in fermenting 
media with plastics as the sole carbon source. The 
possible role(s) of  the pigments in the degradation 
process is also being monitored. Enzymes involved 
in the process have been isolated and are currently 
being purified to determine their activities.
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